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Amended prior version 
IMPROVED TELESCOPE 

FIELD OF THE INVENTION 

The invention concernes the space telescopes and large membraneous 
5 mirrors. 

STATE OF THE FORMER ART 

PERKINS and ROHRINCER (US 4 093 351), LE GRILL (Fr 2 662 51 2), and many 
other authors describe membranous mirrors tied to a peripheral rigid 
structure and stiffened and shaped by means of electric charges. 
10 SILVERBERG, (WO 94/10721), describes a double flag membranous mirror, 
stiffened by surface charges, and shaped by outside fields created by a rigid 
support. 

BU I MAI et NHU (US 5 162 512) d e sc ribe , far us e in ultra n i ght f r equen c y, a 
m i rror obtai ne d by cur i ng a ro t at i ng - re s i n , 
15 LENINGRAD PREC MECH OPTI, (SU 1 61 5 655 A) describes a monolithic mirror 
self shapable made up of two piezoelectric thin plates closely In contact on 
their whole surface, this mirror being curved overall by a single electrode 
acting on one of the plates, and locally by discrete electrodes acting on the 
other plate. 

20 ANDREAS THEODORO AUGOMSTI (CB 2 247 323 A) describes a monolithic 
mirror self shapable made up of a deformable substrate covered on a face by 
a reflective surface and on the other face by a network of electrical 
conductors, the whole being located in a magnetic field with which the 
currents circulating in the conductors react. 

25 In these two last mirrors the electrodes or conductors In contact with the 
reflective surface oblige to a high thickness and/or a high rigidity to 
minimize the surface defects induced by these electrodes or conductors 
generative of electric and thermal constraints. 

None the preceding authors describes or evokes the folding of the mirrors, 
30 HUTCHINSON et all (US Patent N* 5.237.337) describe the folding of a 
concave metallic rn e m,b_r_ ajri_e_o n a mendrel. but _thls_ folding seems be out of 
t_h_e_t_o_t?ological rules. 
GOAL OF THE INVENTION 

The nnal nf the invgntjgn_f5_ to remove the defect * nf thp former art, in particular The 
35 necessity of a heavy frame, and the inability to fold purely concave membranous mirror. 

SUMMARY OF THE INVENTION 

Space t ele scope compr i s i ng at l eas t a me m b r aneous mirror 1 and ft '-ttX-uttirtg- 
m embran e £ for shap i ng m i rror 1. 
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Macro and micro con trol. The sp^cje telescopguaccordinq to the invention comprises ar l^asr 
3 membraneous mirror 1, an actuatin g membrane_2_for micro shape bv mainly electrostatic 
action the mirror ] , and a magnetic field tied to the telescope for macro shape the actuating 
membrane 2 bv electromagnetic action. 
5 These two levels of shape control allow to avoid the disavantaqes of ANDREAS THEODORQ 
AUCOUSn 

Parabolic free and without contact membranes. 

The mirror 1 and the actuatinu rnemb fane Z are free_to_thelr peripheries and are tied to the 
telescope bv means of th eir central parts, either directly or by means of a device. 
10 Thev do not have m aterial contact between them, exept possibte common contact in central 
pjart_with the telescope 

Magnetic dipole for macro control A magnetic dipole centered on the optical axis and tied 
tO_£hg_talescope generate a magneti c field axed on this optical axis and interacting with 
magnetic field of center ed or discret coils of the actuating membrane. 
1 5 Pa r ab ol ic — m embr an es, — = Ph-e — m e m-b r -a tr e cnj s — m i rror — 1 — a-n-d — t-fre — actuati ng 
m e mbran e 2, a r e m ade by spreadi n g a liqu i d f i lm 3 which hardens on the 
surface of a l iqu i d 4 co nt a f n -e- d i n a c i rcular co n ta iner 5 - -ret^rrr g -around a 
ve rtic a l -rater 

The m i rror 1 and the ft eE tr a - t i ng m e mb r a n e 2 a r e t i e d together by mea n -s — of 
20 t h ei r c e n - t - re J-» $ - f l ang e s 2,1 o r 2.2, cithef-d i rect i y or by means — of a cy li nder 

Magn et ic d ip ol e . A m a gn etic d i po l e parallel to t he opt i ca l ax i s i s ri gid l y t i ed 
t o t he t c l e seofrer 

I f one e l e ctrode i s i mple m en t e d b y a srr h y ^l-- sh -a ped -- $t i rfftc -e"' d , e5ign t i t -w ork - s - 
25 by e le ctrostat i c e ffect when n o cu rrent fl o ws, a nd b y m ag n et i c e ff e ct wh en a 
cu rr e nt is -presgfrfrr 

BRIEF DESCRIPTION OP THE FIGURES 

rig. 1 M i rror 1 and actuat i ng m e mb r an e 2 

fi g . 2, 3 weffl-br ano 2 on rotat i ng - l i quid. 

30 r ig . 4, 5 - Ri n g a n d hand l e fo r handlhfrg-of the memb ra ne 2. 

r i g. 6 M e mbrane w i th downward - f f ang e- s r 

Ff g r 7 — Eifrc-m-bra n e w i th upward - f h a - mj e s, 
f ig . 8,9,10 — Fi>fdHTrg— crf-tfre— 

Fia 1 - Mirrjo^T^wrj^hjacty-atinq membrarxe_2_and_magnj^ti<; di poles 3 and 4. 
35 Fig 2 - Actuating membrane 2 with electrodes 
Hq 3. 4, b. b- holding of the mirror. 
LIST OF THE ITEMS 

1 - Membranous mirror 

2 - Actuating membrane 
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3 - Periphe ric coil inducing magnetic fie^ 

4 - Central device inductin g magnetic field 

5 - QrcMlar centered elect ro^ acting upon_curvature of the actuating membrane 2 

6 - Circular local electrodes having local effet on actuating membrane 2 
5 7 - Conducting surface of the mirror 1 

8 - Specific electrodes nf trip ar tuatina membrane, 2 acting the mirror 1 
DETAILED DESCRIPTION 
Mi rro r and actuat in g m e mb r a ne, 
r i rst prefer r ed i m p-rem emation (rig. 2). 
10 Q- n takes a li qu i d 4 i n an horizonta l conta i ner 5 rotating s m oothly aro u nd a 
vert i caf axis. Then, a sma ll am <nr rvt - "of another li qu i d 3 i s p o ur ed- over i t all 
t h e way to ttie edge 5.1 of c cn H - a -i- ner 5. 

This n e w liqu i d w ill -wet the edge — 5VI — ew d w i ll so li d i fy by spontaneous o r 
i nduced cu r i ng -th er e by cr e at i ng a me- m - btane 2. 
15 Strcty nd pr e f e rr e d Imp leme n t a t i on, i t d i ffers fro m the one -befo re i n that the 
l i qu i d 3 con t a ir re -i a — d i sso l ved product w frt ch -;- - after evaporat i on of th e l iqu i d 
3 t w i ll l eave a f il m o nt o th e under l ying liquid. 
fn-a-v ar i ant case, liquid 3 a l so co ntft f ns s usp e nded fibers. 

Thi r d pre fe rr e d i mp -t omcntat i o n (Ti g . 2), I n fr f r rs— c ree , the li qu i d 3 on l y 
20 contains — suspended f ib c - rs ^w h i ch, — after evapo r at i on, w i ll — c r ea t e a fi b rous 
l ayer susc e ptib l e to receive a r cs i n - t - hat can be cured. 

A smooth i n g l a ye r i s superimposed on t h e compos it e layer so t h at t h e 
roughness of th i s compos it e l ayer docs not showing at the surface - of the 
s m oo thing lay er , or-b c smalle r as a pr e set va l ue. 
25 Fourth pref e rr e d imp l em e ntat i on. It diff er s f r om th e f ir st in that th e l iqu i d 
3 — ts — obta i ned — by — s im ultan e ous — or — eens ec u t iv e — ad-d-ftton — o f t wo — d i ffer ent 
li q uids. 

F i fth preferred imp l ementat i o n . Liqu i d 3 i s abse n t, and th e membrane 2 i s 
cr e at e d by a li qu i d or a gaz that so li d i fi e s d i rect l y onto th e su rface o f t he 
30 ma i n Ifqui d-^r 

Ref l ecting l aye r . A ref l ect i ng m e d i um is p u t on the membrane wh - H e it i s s till 
on the rotat i ng li qu i d 4 , name l y by th e stack ing l aye r s having appropriate 
dielec tri c indic e s and app r o pri ate th i ck n ess e s. 

Strr f ac-e-^d-ers-rg n s . W hi le i t i s st i ll on mai-n liq u i d 4 t t h e membrane £ i o l ooa - My 
35 covered, by means in accordance w i th th e former — aft, w i t h a conducting 
covering i n the shap e of surface d e signs 7 t in so do i ng creati ng a number of 
annu l a r elect r od e s cent e r e d o n th e opt i ca l ax i s, act i ng upon t -he r adius of 
curvature, and a number -e f l oca l el ectrod es acti ng u p on l ocal def e cts. 
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It is obvious that, when the membranous mi rror T and the actuating membrane 2 wifl b e 
unfolded in s pace, they do not will take back spontaneously their original perfect parabolic 
shapes 

Magnetic field tied to the telescope 

5 Telescope fs fitted at its bott om, at the level of the mirror, with device generating magnetic 
fifjd-CSntered on the axis o t this telescope. 

A circular coi f made of conducting element, axed on the optical axis of the telescope, when 

activated bv an elect ric current. generates_a_ magnetic field axed to the axis of ihe teleswp.e. 

The magneti c field can be generated by a coil 3 ofdiameter egal or biger than the 
10 membran es, or by a c orl or ma gnet 4 internal to the central ho les of the _membranes. 

This magnetic field of the dipoles 3 or 4 interacts with the magnetic field aenered bv 

electrodes i mplemented on the actuating membrane, allowing a macro control ortb_e_3Jbap_e 

of this actuating membrane. 

Mirror and actuating membrane. 
1 5 Surface circular elect rode_s_o_r> actuating membrane. The membrane 2 1 $ locally covered. 

bv means in accordance with the former art, with a number of annular conductive electrodes 

5 centered on the optical axis, anda number of local anular conductive electrodes 6. 

Actuating coils.. 

When thev are feeded by electric current, discrete coils 5 and 6 of the actuating membrane 2 
20 g_e_n_ejrate_rnagnetic fields interacting with the magnetic field of the the telescope, so as to 
maintain the desired shape of said membrane and to keep it centered on the optical axis of 
the telescope. 

The centered coils 5 generate an axial magnetic field acting on the radius of courvature of 
the actuating membrane 2. and the local coils 6 generate local magnetic fields having locaJ 
25 actions 

The actions qf ^pils ;> and 6 give an approximate paraboli_c^_hap_e_to the actuating membrane 
2 fitted with these coils 5 and 6. 

The final perfect parabolic shape is given to the mirror membrane 1 bv the electrostatic 
forces existing between the conducting surface 7 of the mirror membrane and electrode* 3 

30 present on actuating membrane 2. 

Electronic spread in the membrane. Stabilisation of system constituted bv 
mirror 1 and actuating membrane 2. . The actuating membrane 2 , wh i le st ill 
on liquid 4 , is locally covered, by means of the former art, with a thin 
structure identical to that of an integrated multilayer circuit having 

35 conducting, insulating or semi conducting elements, contiguous or 
superimposed. 

Electrical supply of these surfaces designs is provided by surface conductors 
linked to a power supply through the center of the membrane. 
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These surface designs IC, when integrated to the actuating membrane of the 

mirror, allows, according to the invention, through the use of a capacitive 

coupling between electrode s 8 of the actuating membrane 2 and_the metallic 

laver 7 of the mirmr m e mbran e a i td-th e m i rro r, a self control of the distance 

5 between mirror and membrane, and consequently the stabilization of the 

Shape of the membranes without the intervention of the central system. 

A c t ua t i ng co i rs. T e l e s cop e is f i tted a t Its bottom, at the l evel of the m i rror, 

with a coil m ade uf c o n d uct i ng L l e rr nj n ta. 

^c coil — so creat e d — generates, — wHwi — a cEfvated — by — em — elect r ic — current, — a- 
1 0 irragn- c - tTC f iel d para ll el to th e axis of the telescope. 

D i scret e co i ls 7 of-ihe actuat ing membrane w il l i n te r a ct w i t h th is magnet i c 
field, so a - a - to maintain t h e desir e d shape of sa id mcmb - r - an e and to ke e p i t 
cent e r e d o n t h o - r>fH i r a I axis of t he te le scop e , 

^-membrane 2 f i t t ed w i th co il s 7 h as on l y an approx i mat e shap e , a n d 
1 5 th e f i nal shap e I s giv en ? o— the m i rror m e m b r a n e i — b -y -t - fre- e f e etrostat i c 
fo r c e s e x i s t i n^H retween th e co n duct i ng - surfac e 8 of th e m i rror membran e 
an d - e -te ctrodes 9 prese nt on m e mbran e 2. 

M i rror contro l , — Su r fa ce — c -te ctron i c — c i rcu it s — i nteg ra t e d — tt) — the — m^tn-bwrhe 
du r ing m a n ufactur i ng, control t he po tentia l s of th e - ele ctr - odea -act i ng upon 
20 *+>e — m -i rror, as w el l — as — frh-e — rr wbg - not t c f i eld — of th e — membran e co il s — athd — t+he- 
magnet i c f i e l d of t h-e- tcfes - cop e . 

Th e m e tal li s e d surface 8 of t h e mi rror i, or any ■ con - duct i ng - s u rface , should 
th e r c fl cct 4 v - Q - & ti- rfac e be d i e l ectr i c T w il l in iti ally b e a t 0 p o t e nti a l . 
E l ectrodes — 9 — of actuat in g — membrane — 2 — are — set — at — posit i ve — or — rreg - at tve 
25 potent i a l s, — arrd — as — a — resu l t, — decrease — or — mcreas-e — tb-e — r ela ti ve — d i stance 
be t w ee n m i rror and - actu - at i ng membran e . 

I n th is m a nner , import a nt l oca l d i atoro i- o - n — of the actuat ing m em br an e 2 wi ll 
not prevent gett i ng a perfect shape for the m i rror- 
Macro and micro controls, |he system, according to {he i n ve ntiQr u_s.ej3.arates long range 
30 action acting on the actuating membrane through the telescope maqnetic_field interacting 
with the fields generated by current flowing in electrodes 5 or 6 of the actuating membrane, 
and short range action acting through electric fields between metallic laver 7 of the 
membranous mirror and electrodes 8 of the actuating membrane. 

Mac r o and micro co n tro l s. The — system, accordi ng t o c l aim, — separates — l-e*f*-g* 
35 range act ion — actfmg — on — t he a ctttating- membr ane through — nree/n-etic f i e l ds 
i n teracti n g w i th t he f i eld ot the col l , a n d short rang -e-^a ct ton act i ng through 
e i e ctf ic - f i eld b e twe e n m-enfrfrr-a-t^e-s-r 
R ot ati ng c o n t ain e r. 
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First pr eferred i m^cmc n ta tfon (F i g . 4 auJ 5). The e dg e 5.1 of a Ctf^ettter 
rotating contai n er 5 i * au n nounted -a frd i n co nta ct w i th a rmg - 10 hav+ng- 
traneH+ n - g moans 11, such a3 hand le r a l low i ng th i s r i n - g - to b e gra b bed - and 
taken away f rom the cd g e. - 
5 :Hre m e mbrane 2 creat e d w h <*> the fi lm 3 so l idifies, w il l stick th e r in g T fr 
thereby a ll owi n g th i s handli ngs 

Secon d pref err ed imple mentat i o n (rig G), The ou t s ide-^tfwH — 5.2 of t he 
co n t a i n e r — i s a su r fac e of revu l ul i o n . 

Th e memb r a n e 2 e xtends, b y mea n * of fo rm e r artr-with equal o r g re a ter 
70 th i ck ne ss, -o r t- t - hc outs i de wa ll 5.2 of t he c o mb i ner, pr e v i ous l y coa t ed w i th a 

non - st i ck i ng p r oduct r- and i n so dot fhg- cr e at i ng a p erip h err ca l flarvge 2.3 that 

increases the st i f fn ess of th i s perip h e ry, th e reby al l owi ng i t t o- rooov e r bett e r 

an d fa s ter i ts or i ginal sh - ap e . 

I t ends w ith -a - t - rH - cker band al l ow i ng hand li ng, 
1 5 i n a ua ii ai i u ii (r ig . 7), the mem br an e extends on th e i ns i de wall o f t foe- 

co n tainer i n th e s h ape o f a f l ange 2,4 hi g h e r tha n th e rotat i ng l i qu i d. 

Third pr efe rr ed i mplementatio n ( ri g.- 6 ). The conta in er 5 has a cen tr a f 

circular hole 5.3 li m i t e d by a wa l l 5 . 4 ho -l- ding the l iqu i d. 

The ex tern al s urface 5.5 of wa ll 5. 4 (facing the ax i s) has the shape of a 

20 cy l indr i ca l o r co nic a l surface of r e vo l ut io n 

T h e mem - bran e 2 — i s e xte n ded, w i th incr e as e d thickn e ss, on the ext e r n a l 
surface 5.5, l n-so-etorr hg- creat i ng an a n nu l a r central f I a-rrge-^T+r 
Fourt h prefer r e t hr mpl e m e ntat i on. In a var i at i on, th e m em bran e is extend-edr 
by a f l ang e 2.2, i n the I n s i de su - rfac e of th e wall of the conta i ner and 

25 th e r e fo re rais e d a b ove t he r ot a t i ng l i qu i d. 

Two examp l es of arrengemc nt (fig. 4 3) show - p - ara - H -e- l membra i re s-an d bac k to- 
back membran e s. 

II - MIRROR AND ME MBRANE FOLDING (Fig. 4, 5 n 6 n J) M i r r o r and m e mb r an e fo lding 

(r i g. 8, 9 , 1 0) . The mirror I and the actuating membrane 2 are made totally 
30 or in part of a material with shape memory. 

After manufacturing, the mirror 1 and the membrane 2 are distorted in such 
a way that this distorsion is retained until new conditions appear, that brings 
back the initial shape. 

The membranes are concave; if one pushes (Fig. 8) the bottom of the 
35 concavity, at its center and perpendicularly to the tangent plane, it results a 
symmetrical circular distorsion which will intrude into the concavity. 
Examination of this previously concave surface then reveals a concave 
peripheral ring and a central convex surface. 
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This central convey surface is equally pushed in the same conditions as 
before, and a new element of concave centered surface can be seen. 
Pursuing with the creation of alternately concave and convex surfaces, one 
obtains a surface resembling a series of circular, centered waves (Fig. 8, 9, 
5 10). 

The thickness of this folding, that is the vertical rrosr rr> rr c<it__distance . can 
be small as one wishes. It only requires an increase in the number of waves. 
Fo r example, the, figure (Lshows a cut in ^concave membrane uf any diameter, with a oreat 
number of waves. 

10 For practical drawing reasons, i n particular for scale, the waves are invisible, and this cut is 
sjiown bv a narrow line, h owever large is the concave membrane. 

Once these waves fixed according to proper physical conditions, the almost 
flat object so obtained can be scrol led I rngthw i se wound onto itself, as a fl^t 
paper circular (Jisk;.. 
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